An outbreak of neurologic disease in a flock of 5-month-taining large rounded metrocytes and early bradyzoites, and old Rambouillet lambs on a sheep farm in west-central In-were associated with some degree of myositis with degendiana was investigated. Over a 4-week period during the eration of muscle fibers and lymphocytic perimysial infiltrasummer of 1990, 32 of 48 lambs in 1 pen were affected, and tion. 22 of these lambs died. Approximately 300 sheep were on Multifocal, nonsuppurative meningoencephalomyelitis was the farm. The affected lambs were confined to a single pen evident in the cerebrum, cerebellum, brain stem, and cerin a large open-sided pole barn and were the youngest group vital, thoracic, and lumbar spinal cord of all 3 lambs (Fig. of spring lambs on the farm. 1). Inflammation was characterized by glial nodules, multi-Clinical signs described by the owner and referring vetfocal necrosis with gliosis and mononuclear cell infiltration, erinarian included anorexia, weight loss, incoordination, stiff and lymphocytic infiltration around blood vessels and in the limbs, trembling, and generalized weakness. The condition meninges (Fig. 2 ). An immature schizont was found in the progressed rapidly in fatal cases, and death generally occurred pons of 1 of these lambs (Fig. 3 ). The density of neuroglia within 7 days of the onset of clinical signs. around this schizont was increased, but the schizont was not Three clinically affected lambs (2 live and 1 dead) were surrounded by microglia. Immunohistochemical examinasubmitted to the Animal Disease Diagnostic Laboratory, tion of paraffin-embedded sections of samples of brain from Purdue University, West Lafayette, Indiana, for diagnostic all 3 lambs using antisera to Toxoplasma gondii, Neospora evaluation. Both live lambs were thin, weak, and ataxic. All caninum, and Sarcocystis spp. was negative. 11 The FA test 3 lambs had bronchopneumonia of varying severity. One for pseudorabies was negative, and no viral agent was isolamb had moderate subcutaneous edema of the neck and lated. inguinal region and mild serous effusions in the pleural, peri-
. Photomicrograph of caudate nucleus from a clinically affected lamb with sarcocystosis. Note glial nodules randomly scattered in gray matter. trifugal flotation, and examined microscopically for parasite the g-year-old dog low numbers of Sarcocystis sporocysts. eggs, larvae, and cysts.
Sporocysts from the 3 dogs were measured to the nearest 0.5 Three of the 4 dogs were positive for helminth eggs and µm and compared morphologically. Sporocysts from the 2 Sarcocystis sporocysts in the feces. The helminth eggs found younger dogs (13 from each dog) were 14-15 x 9-10.5 µm included Trichuris, Ancylostoma, Taenia, and Toxocara; (X = 14.5 x 9.6 µm). These measurements and other mor-Toxocara was found in the pup only. The pup was shedding phologic characteristics indicate the sarcocysts were Sarcohigh numbers, the 1.5-year-old dog moderate numbers, and cystis tenella. 5 Figure 2 . Photomicrograph of cerebral cortex from a clinically affected lamb with sarcocystosis. This glial nodule was at the junction of the gray and subcortical white matter. In the adjacent inner layer of cerebral cortex, several neuroglia were pyknotic. Approximately 1 week after this farm visit, a lamb that but less extensive than in the other 3 lambs. Four mature had recovered from clinical signs was euthanized and exsarcocysts were found in randomly selected sections of the amined at necropsy. The bronchopneumonia in this conbrain and spinal cord: 1 in the cerebrum, 1 in the brain stem, valescent lamb was more severe than that in the other 3 and 2 in the spinal cord ( Fig. 4 ). Mature sarcocysts were not lambs. A retrosternal lymph node was abscessed. Pasteurella intimately associated with glial nodules but were in areas of haemolytica and Mycoplasma ovipneumoniae were isolated the CNS with inflammation. Numerous mature sarcocysts from the lung. Haemonchus contortus and other trichostroncontaining a myriad of 2-x 5-µm bradyzoites were in skeletal gyles were in the abomasum of the convalescent lamb. muscles ( Fig. 5 ), but only a few were in the myocardium. Histologically, meningoencephalomyelitis was similar to Sections of skeletal muscle with high numbers of mature sarcocysts from the convalescent lamb were postfixed in 3% glutaraldehyde and routinely processed for transmission electron microscopy. The protozoa1 cysts within the skeletal muscle contained numerous mature bradyzoites. Bradyzoites had a single, prominent nucleus and, in the anterior half of the cytoplasm, numerous micronemes but no rhoptries. No septa were present within the cyst. The cyst wall was thick (approximately 3 µm) and had numerous, tightly packed, evenly spaced, villous protrusions arranged in parallel, which interdigitated with intracellular membranes (sarcoplasmic reticulum) of the host myocyte ( Fig. 6 ). The villous protrusions had plaques at their apices and contained no microtubules. These features were consistent with the cyst structure of S. tenella. 5 The diagnosis of sarcocystosis was based on the presence of developing sarcocysts within inflammatory lesions in skeletal muscle and myocardium. In the clinically affected lambs, sarcocysts containing metrocytes and early bradyzoites were indicative of infection 5-6 weeks prior to necropsy. 4 Although only 1 immature sarcocyst was found in the central nervous system (CNS) of any clinically affected lamb, the nature of the inflammatory response (nonsuppurative to granulomatous) was compatible with Sarcocystis as an etiology. Furthermore, the mature sarcocysts in the brain of the convalescent lamb indicated that there had been infection of the CNS. Definitive diagnosis of Sarcocystis-induced CNS lesions, i.e., presence of schizonts in CNS endothelium in association with nonsuppurative inflammation, is difficult because this stage is transient and precedes clinical signs. 4 The bronchopneumonia was probably not directly caused by Sarcocystis; no organisms were found in the lung and the nature of the inflammation was typical of infection with the organisms isolated from the convalescent lamb.
Differential diagnoses for ovine meningoencephalitis in-clude listeriosis, pseudorabies and other viral encephalitides, toxoplasmosis and neosporosis, and parelaphostrongylosis. Although brains were not cultured for bacteria, listeriosis was considered unlikely because there was a lack of suppurative inflammation in the brain stem of these lambs. Pseudorabies was not identified by either FA or virus isolation, and neither primary neural degeneration nor viral inclusions were seen histologically in any CNS sections. Furthermore, pseudorabies in sheep tends to have a rapidly fatal clinical course. 1 In cerebral toxoplasmosis, necrosis is usually more extensive than was seen in these lambs with sarcocystosis. Because Toxoplasma gondii cysts are located within parasitophorous vacuoles whereas Sarcocystis cysts are not, 6 electron microscopy may differentiate these protozoa; however, sections of brain were not examined by electron microscopy because so few sarcocysts were seen. Immunocytochemical methods can also differentiate these protozoa; 7 the lack of positive staining in the brains of these lambs is consistent with the life cycle of Sarcocystis spp., which transiently infect the CNS before becoming encysted in striated muscle.
Parelaphostrongylus tenuis, a nematode that infects the meninges of white-tailed deer, may cause myelitis in aberrant hosts such as sheep. Lesions of parelaphostrongylosis mostly involve the white matter of the spinal cord and are characterized by necrotic tracts with varying degrees of histiocytic infiltration, gliosis, demyelination, and cavitation. 8 These lesions were not seen in the spinal cords of lambs, nor were any nematode larvae found histologically.
At least 4 species of Sarcocystis have been described in sheep, which serve as intermediate hosts. 5 Carnivores, primarily canids and felids, are the usual definitive hosts for these organisms. Canids serve as definitive hosts for S. tenella and S. arieticanis, and felids for S. gigantea and S. medusiformis. These species of Sarcocystis may be identified by ultrastructural features of their cyst wall, in particular the presence and type of villous protrusions. 5 The sarcocysts in the skeletal muscle of the lambs in this report had ultrastructural features consistent with S. tenella. In a recent survey, S. tenella was the most prevalent (84% of sheep surveyed) species of Sarcocyst present within muscles of sheep slaughtered in the USA. 3 In sheep experimentally infected with S. tenella, clinical signs and lesions were associated with the endothelial schizonts rather than with the encysted sarcocysts in striated muscle. 2, 10 Neurologic disease and lesions, including multifocal gliosis and perivascular mononuclear cell infiltration with mature sarcocysts in the neuropil, were similar to what was found in the lambs in this report. This is the first report of a flock outbreak of sarcocystosis in which large numbers of lambs had clinical CNS disease and high mortality. The close association of lambs and dogs on this farm was considered responsible for the epizootic. It was not determined conclusively why the lambs in only 1 pen were affected. These lambs may have been particularly susceptible because they were the youngest lambs on the farm. Alternatively and more likely, affected lambs were probably exposed to larger numbers of sporocysts than were unaffected sheep because the pup that was raised with theaffected lambs was shedding high numbers of sporocysts and disease due to Sarcocystis has been shown to be dose related. 5 Methods of controlling sarcocystosis in sheep have been previously summarized. 5 Although exclusion of dogs from the premises would have been effective in preventing further contamination of the environment with sporocysts, the sheep farmer preferred using dogs for raising his sheep and protecting them from predators. Strict removal of dead lambs and sheep was recommended to prevent dogs from ingesting ovine muscle tissues. There is no treatment currently available for dogs shedding sporocysts, and these stages can last for several months in the environment. Strict sanitation concerning dog feces and administration of amprolium to future lambs were recommended to prevent further epizootics. The apparent beneficial effect of amprolium was attributed to prevention of further infection and inhibition of development of schizonts in the lambs. Amprolium is effective in reducing mortalities and decreasing the severity of clinical disease in sheep when administered before, or concurrent with, sporocyst ingestion. 9 Amprolium interferes with schizogony but probably has no effect on mature sarcocysts; 5 sarcocysts were numerous in the convalescent lamb despite several weeks of amprolium therapy.
